Background: Prehypertension is a category between normotension and hypertension that is becoming increasingly common in China. However, limited data are available on the prevalence and correlates of prehypertension in northeastern China. Methods: A cross-sectional study using stratified, clustered multistage, and random sampling methods was performed on 17,584 participants. Results: The prevalence of prehypertension and hypertension was 36.0% and 30.8% in northeastern China, respectively. As age increased, the prevalence of prehypertension in males declined (p-trend < 0.001), in parallel to an increase in the prevalence of hypertension (p-trend < 0.001). The prevalence of hypertension for females increased as age increased (p-trend < 0.001). Logistic regression analysis showed that age, gender, location, drinking, Body Mass Index (BMI), abdominal obesity, hypertriglyceridemia, and hypercholesterolemia correlated with prehypertension and hypertension (p-trend < 0.05). Conclusions: This study revealed a high prevalence of prehypertension and hypertension in an adult population of northeastern China and some correlates of prehypertension and hypertension.
Introduction
Hypertension is one of the major risk factors for global mortality and is estimated to have caused 9.4 million deaths, according to the WHO Global Status Report on Non-communicable Diseases in 2014 [1] . The prevalence of hypertension in the adult population varies from 5.2% to 70.7% worldwide, and it is estimated that more than 1.5 billion individuals currently have hypertension [2, 3] . To draw attention to the increased risks resulting from elevated blood pressure, the concept of prehypertension has been defined. Prehypertension is a new category between normotension and hypertension and was proposed by the Seventh Report of the Joint National Committee (JNC-7) on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure in 2003 [4] . It is defined as systolic blood pressure (SBP) of 120-139 mmHg and/or diastolic blood pressure (DBP) of 80-89 mmHg in adults 18 years and older. According to the standard of the JNC-7, individuals with prehypertension have a higher risk of developing clinical hypertension than those with ideal blood pressure levels, and they have an increased risk of cardiovascular disease [5, 6] . According to the study of M.Fareed et al. [7] , prehypertension is associated with a 1.7-fold increase in coronary artery disease and a 3.5-fold increase in myocardial infarction.
With the recent rapid economic growth and urbanization of China, the prevalence of hypertension and prehypertension has increased significantly. Although numerous studies have focused on prehypertension, epidemiological data on the prevalence and correlates of prehypertension and hypertension in northeastern China are limited. The aims of the present study were: (1) to estimate the prevalence of prehypertension and hypertension in the Jilin Province in northeastern China; (2) to examine the correlates of prehypertension and hypertension from a population-based study of Chinese adults; and (3) to provide scientific references on the primary prevention, early detection, and intervention strategies for treating prehypertension and hypertension.
Experimental Section

Subjects
Data were obtained from a large-scale, cross-sectional epidemiological study in Jilin Province in 2012. Community residents who were aged 18-79 years old and had lived in Jilin Province for 6 months were recruited. A sample of 1‰ of the total population was used to obtain a representative sample of the population. A face-to-face questionnaire interview was performed by the investigators who had been uniformly trained, and participants then underwent the anthropometric checks including height and weight.
This process included five steps. First, nine regions were sampled according to the proportion of the population; second, 32 districts or counties were sampled according to rural and urban locations; third, three neighborhood committees were sampled in each counties; fourth, one resident group was sampled in each neighborhood committee; finally, one adult resident was randomly selected from each household of the selected resident groups [8] .
We contacted 23,050 people to participate in the survey. Only 17,584 individuals completed both the questionnaire and the anthropometric measurements in the present study, yielding a response rate of 76.3%. This study was conducted in a national comprehensive university located in Jilin Province in northeastern China. Approval from the Ethics Committee of Jilin University School of Public Health (Approval Number: 2012-R-011) was obtained before the study commenced.
Data Collection
The data collection period was from July to August 2012. Participants were asked to complete a questionnaire designed by our project team through face-to-face interviews; trained observers made anthropometric examinations using standardized procedures. Information obtained from the questionnaire included socio-demographic characteristics, lifestyle, and family history. The anthropometric examinations included body weight, height, waist circumference, and hip circumference.
In addition, specially assigned people managed quality control. Before the official investigation, a pre-investigation was conducted to explore the design of the questionnaire. All of the investigators were medical students who were systematically trained. To ensure that the data collected were high-quality and representative, standard protocols and instruments were used, the certification requirements for data collection were strict, and a quality assurance program was conducted.
Blood Pressure Measurement and Classification
Blood pressure was measured using an electric sphygmomanometer (HEM-7200, OMRON, Dalian, China). Two measurements were taken after the participants had rested for at least 5 min. SBP or DBP was defined as the average of the two SBP or DBP readings.
Other Variable Measurements and Classification
Information on socio-demographic characteristics, lifestyle, and family history was self-reported. Socio-demographic characteristics included age, gender, ethnicity, educational status, marital status, occupation and family income per capita. Lifestyle included drinking and dietary intake. Dietary intake assessment was done under two headings: (1) Salt intake and (2) Frequency of fruit, egg and meat intakes. "Salt intake" was divided into three levels: light, moderate, and salty. The participants made their own choices based on life experience. Frequencies of eating fruits, eggs or meat were divided into two: Frequently/sometimes and seldom/never. Frequently/sometimes fruits, eggs or meat intake was defined as eating these food ě2 times/week; while seldom/never was defined as eating <2 times/week. Body weight, height, waist circumference, and hip circumference were measured using a standardized method. Body mass index (BMI) was calculated as weight(kg)/height(m 2 ). Waist circumference was measured at the level of the umbilicus. Hip circumference was measured at the level of the greater trochanter. A fasting blood specimen was collected for lipid analysis. Dyslipidemia, including triglycerides and total cholesterol, was based on the cut-off points of 150 mg/dL (1.70 mmol/L) and 200 mg/dL (5.18 mmol/L), respectively [9].
Statistical Analysis
Data were entered into a computer using EpiData (Version 3.1, Odense, Denmark) and were analyzed using SPSS (Version 21.0, IBM SPSS, IBM Corp, Armonk, NY, USA). Continuous variables were expressed using mean and standard deviation. Categorical variables were presented as frequencies. The prevalence (PR) and 95% confidence interval (CI) of prehypertension and hypertension were adjusted by complex weighted computation with the gender, age, and location distribution, according to the Sixth Chinese National Population Census, 2010, and were calculated using the Taylor Series approach. The Rao-Scott χ 2 test was used to assess differences in categorical variables based on the complex sampling model. Univariate and multivariate logistic regression analyses were used to test the significant determinants of prehypertension vs. normotension and hypertension vs. prehypertension. Complex weighted computation was used to analyze all of the statistics.
Results
Prevalence of Prehypertension and Hypertension
There were 8096 males and 9488 females in the survey. The mean age was 47.81˘13.20 years (47.10˘13.80 years in males, 48.42˘12.63 in females). The prevalence of prehypertension and hypertension in the socio-demographic characteristics in the study is reported in Table 1 . Based on the complex weights computation, the prevalence of normotension, prehypertension, and hypertension was 33.3%, 36.0%, and 30.8%, respectively. The prevalence of normotension and prehypertension decreased with age, but the prevalence of hypertension increased with age, especially in the ě 45 years population. The mean age of normotension was 41.98˘12.27 years, and the gender ratio (males: females) was 1:2.24. The mean age of prehypertension was 45.91˘12.99 years, and the gender ratio was 1:0.87. The mean age of hypertension was 54.03˘11.37 years, and the gender ratio was 1:0.97. The prevalence of prehypertension and hypertension was significantly different within different age groups, gender, educational status, marital status, occupation, and family income per capita (all p-trend < 0.001). There was no difference in the prevalence between prehypertension and hypertension for different locations and ethnicity.
The age-specific prevalence of prehypertension and hypertension is listed in Figure 1 . As age increased, the prevalence of prehypertension in males declined (p-trend < 0.001), although the prevalence of hypertension increased (p-trend < 0.001). The prevalence of prehypertension in females remained constant across younger age groups (<45 years) and decreased in older age groups. The prevalence of hypertension in females increased as age increased (p-trend < 0.001). The prevalence of prehypertension was 43.5% in men and 27.9% in women. The prevalence of hypertension was 34.9% in men and 26.4% in women. (a) Table 2 shows an initial indication of rural-urban differences in demographics. No significant rural-urban difference was observed in the gender proportions. Urban adult residents were somewhat younger and much better educated than rural adults. A larger Han population lived in rural areas. The mean family income per capita was significantly lower in rural areas than it was in urban areas, whereas the rate of marriage in rural areas was higher than that in urban areas. The proportions of drinking and fruit, egg and meat intake ≥2 times/week were slightly higher in urban areas. The distribution of family history and hypercholesterolemia varied in rural and urban regions, but the amount was greater in urban areas. Table 2 shows an initial indication of rural-urban differences in demographics. No significant rural-urban difference was observed in the gender proportions. Urban adult residents were somewhat younger and much better educated than rural adults. A larger Han population lived in rural areas. The mean family income per capita was significantly lower in rural areas than it was in urban areas, whereas the rate of marriage in rural areas was higher than that in urban areas. The proportions of drinking and fruit, egg and meat intake ě2 times/week were slightly higher in urban areas. The distribution of family history and hypercholesterolemia varied in rural and urban regions, but the amount was greater in urban areas. 
Correlates of Prehypertension and Hypertension
Univariate and multivariate logistic regression were performed using SPSS to assess significant determinants of prehypertension and hypertension. Prehypertension or hypertension served as the dichotomous outcome variable. Socio-demographic characteristics, lifestyle, family history, obesity, abdominal obesity, triglyceride, and total cholesterol were the independent predictor variables. Age, gender, and location were corrected based on complex weighted computation. The results of the univariate logistic regression are presented in Table 3 . Univariate logistic regression showed that age, gender, location, educational status, occupation, family income per capita, drinking, salt intake, fruit, eggs or meat intake ě2 times/week, BMI, abdominal obesity, triglyceride, and total cholesterol were all significantly associated with prehypertension status for the entire sample. Univariate logistic regression was used to assess the correlates of individuals with hypertension (hypertension = 1, normotension = 0). This analysis showed that age, gender, location, educational status, marital status, occupation, family income per capita, drinking, salt intake, fruit or eggs intake ě2 times/week, family history of circulatory system disease, BMI, abdominal obesity, hypertriglyceridemia, and hypercholesterolemia were all significantly associated with hypertension. Multivariate logistic regression analysis showed that age, gender, location, drinking, eggs intake ě2 times/week, BMI, abdominal obesity, hypertriglyceridemia, and hypercholesterolemia are significantly associated with prehypertension (Table 4) . Compared with people aged 18-24 years, people aged 45-54 years, 55-64 years and ě65 years had a greater correlation of developing prehypertension (OR = 1.538, 1.935, 2.638, respectively). Male participants were more likely to develop prehypertension than females (OR = 3.085). For prehypertension, those living in urban areas were associated with a lower prevalence of prehypertension (OR = 0.828). Drinkers had a greater correlation of developing prehypertension (OR = 1.175). People with a higher eggs intake were 1.188 times more likely to develop prehypertension than others were. People with a status of overweight or obese were associated with a higher prevalence of prehypertension compared with people of normal weight (25 ď BMI < 30, OR = 1.655; BMI ě 30, OR = 2.960). Participants with abdominal obesity had a greater correlation of developing prehypertension (OR = 1.228). Both hypertriglyceridemia and hypercholesterolemia were associated with a greater likelihood of prehypertension (OR = 1.133, 1.110).
Determinants of hypertension (vs. normotension) via multivariable logistic regression analysis were shown in Table 4 . A clear trend toward a greater correlation of hypertension was noted as age increased. Starting from 35 years, every 10 years increment in age produced a 2.833 times, 6.936 times, 14.729 times, and 34.613 times greater likelihood of hypertension than their respective decadal reference group (aged 18-24 years). Males were positively associated with hypertension. Compared to females, males were more likely to develop hypertension (OR = 2.383). Drinkers had a greater correlation of developing hypertension (OR = 1.629). Fruit intake ě2 times/week was shown to be less likely to develop hypertension (OR = 0.780). People with hypertension more frequently had a family history of circulatory system disease (OR = 1.604). Overweight (OR = 2.676) and obesity (OR = 5.716) were the most significant determinants of hypertension. Our findings showed that abdominally obese subjects had a 1.537 times greater correlation of hypertension compared with normal weight subjects. Both hypertriglyceridemia and hypercholesterolemia were associated with a greater likelihood of hypertension (OR = 2.015, 1.377). 
Discussion
The present study data for prehypertension and hypertension were derived from a stratified, clustered multistage and random survey sample of people aged 18-79 years in the Jilin Province and were analyzed based on a complex sampling model.
Our findings show that prehypertension affects about one third (36.0%) of adults in the Jilin Province in northeastern China. This is generally consistent with published studies, such as the figures of 36.1% in Brazilian adults [10] and 33.7% among adults in southern Iran [11] . Compared with other studies within China [12, 13] , although the prevalence of prehypertension in this study was lower than that in inner Mongolian adults (38.4%); and higher than that in Taiwanese adults (34.0%), the rate was comparable with that in Beijing adults (35.7%).
Prehypertension and hypertension, which accounted for two thirds of the total population, appeared to be quite common in northeastern China. Furthermore, in the present study, we found that the prevalence of prehypertension decreased in males as age increased; and decreased in females in those aged ě35 years, which was concordant with Liaoning Province adults [14] . In the current study, individuals aged 45-79 years were less likely to have prehypertension than younger individuals were. This was because most of the individuals in the older age groups had progressed to actual hypertension, similar to other studies [15] . Therefore, the highest prevalence of hypertension was in the 65-79 age group for men (62.0%) and women (65.7%).
Another finding of the present study was that the prevalence of hypertension increased with age in both genders and that this increase was more rapid in females than males. Consistent with previous reports, the rates of hypertension were higher in men than in women at younger ages, whereas the reverse was true in older participants [15] . The specific reason for this difference may be related to survival bias or hormonal changes at different ages in the two genders, but this required further study. Consistent with this, the multivariate logistic regression analysis showed a significant increase in the ORs for males in the prehypertension (OR = 3.085) and hypertension (OR = 2.383) groups.
In this study, living in an urban area led to a reduced correlation of prehypertension (OR = 0.828) ( Table 4 ). The influence of location as an independent associated factor for prehypertension and hypertension has rarely been mentioned in other studies. Individual studies [13] have reported the different risk factors associated with prehypertension and hypertension among residents in urban or rural locations. The difference in environment and lifestyle in urban or rural locations may underlie this result. According to our research on demographics and correlates of rural and urban adults in Table 2 , urban residents were somewhat younger than rural residents, but they are better educated and have higher income. The rates of drinking and fruit, egg and meat intake ě2 times/week were slightly higher in urban areas. Rural populations may lack information and knowledge about health, and a lower level of education among rural adults compared with urban adults may lead to unhealthy lifestyles and unawareness about the prevention of prehypertension and hypertension. Vigorous healthy males from rural families may leave the village to work in urban areas, leaving elders in rural areas, which may be harmful to the health of those who remain. The explanation for this observation requires further investigation.
In our study, drinking was associated not only with hypertension but also with prehypertension ( Table 4 ). The pathology of drinking-related elevated blood pressure was through the effects of alcohol on neural conduction, blood vessels, plasma vasopressin, cardiac function, noradrenaline metabolism, acetaldehyde, sympathetic activity, the renin-angiotensin system and adreno-corticotropic hormone, and calcium metabolism [16] .
In particular, high egg intake (ě2 times/week) was an important factor associated with prehypertension but not for hypertension. Interestingly, we found a high prevalence of prehypertension in individuals with a high egg intake. However, this result was not comparable with other studies because the standard of egg intake was not the same [17] . Hypertensive patients might have the same frequency of egg intake but consume fewer eggs than they did before they knew they had hypertension.This would result in reduced egg intake, and egg intake would thus not be an independent factor. Therefore, to avoid increased blood pressure, egg intake should also be controlled.
However, a low fruit intake (<2 times/week) and a family history of circulatory system disease were significantly associated with hypertension but not prehypertension (Table 4) . In this study, hypertension had a strong inverse association with the frequency of fruit intake. Previous observational studies have reported that a high fruit intake is associated with a reduced risk of developing cardiovascular disease and stroke, as well as decreased blood pressure [18] . The probable reason why a high fruit intake is positively associated with hypertension is that fruits contain many vitamins and minerals whose metabolites act on the vascular endothelium and lower blood pressure [18] . Thus, it is important for everyone to increase their fruit intake, particularly those with hypertension. We found an important correlation between a family history of circulatory system disease and hypertension. The normotensive individuals with a family history of circulatory system disease were 1.604 times more likely to have hypertension than those without such a family history (Table 4) . Therefore, primary prevention strategies should be targeted at prehypertensive individuals who have a family history of circulatory system disease.
In this study, obesity was identified as being more associated with prehypertension (OR = 2.960) than with hypertension (OR = 5.716). It is worth noting that obesity had the highest correlation with hypertension among the normotensive individuals apart from age (Table 4) . When obesity coexists with prehypertension, it may further increase the correlation of developing hypertension. Many studies have reported that waist circumference is associated with a higher prevalence of prehypertension and hypertension [19] . Abdominal obesity was also found to be associated with increased blood pressure according to adjusted BMI, triglycerides, and cholesterol (Table 4) .
In another study [20] , there was a significant association between prehypertension or hypertension and hypertriglyceridemia or hypercholesterolemia. In our current study, hypertriglyceridemia and hypercholesterolemia were both significantly associated with prehypertension and/or hypertension. Meanwhile, those with hypertriglyceridemia had a 2.015 times greater correlation of hypertension compared with the normal group (Table 4) .
This study has several limitations. The first limitation was the low response rate, which often exists in cross-sectional epidemiological studies. Second, our data were obtained from a cross-sectional study in the Jilin Province and were not representative of adults throughout China. Third, because this is a cross-sectional study, the interpretation of causal relationships between risk factors and the development of prehypertension and hypertension is limited. Fourth, during our survey, we created analogous "clinic environments" by assembling participants for anthropometric examinations. The higher blood pressures as observed in our study participants might be explained in part as a result of the white-coat effect that might be associated with the clinic environments in which these blood pressures were measured [21, 22] . Furthermore, due to the limitation of economy and human resource, there was no objective measurement to assess the "salt intake".
Despite the above limitations, the results of this study as community-based data could be important in providing relevant epidemiological information to help promote health for the primary prevention of hypertension. We used the complex weighted computation by adjusting for age, gender, and location to approximate the actual population composition of the Jilin Province in northeastern China. This study reinforced the need to urgently address the problem of prehypertension and hypertension in China by establishing an effective health security system for the public.
Conclusions
Prehypertension and hypertension are highly prevalent in northeastern China. Prevention and treatment are urgently needed to address the public health problem of prehypertension and hypertension and to prevent prehypertensive people from developing hypertension or cardiovascular disease. For individuals with normotension, these common correlates of both prehypertension and hypertension (rural, drinking, overweight, obesity, abdominal obesity, hypertriglyceridemia, and hypercholesterolemia) should be controlled as the most important factors. In addition, our results are the first to suggest that living in an urban environment is associated with a lower prevalence of prehypertension. These factors are probably important in decreasing the risk of developing hypertension among prehypertensive and normotensive people.
